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energy markets

vehicle fuels

>
>
>

EIA: 45% of total U.S. energy expenditures in 2015 were in the transportation sector
EIA: U.S. household spending for gasoline is expected to remain below $2,000in 2017
EIA, FOTW: Gasoline prices have been relatively low and stable since 2015, lower
than during 1930s and 1980s peaks after accounting for inflation

Bloomberg: Premium gasoline sales have grown since 2008, while midgrade sales
have declined

energy markets/production

>
>

FOTW: The price of a barrel of crude oil in 2016 was the lowest since 2003
FOTW: Transportation is responsible for over 70% of domestic petroleum
consumptionin the U.S.

EIA: Gasoline production from U.S. refineries near record levels for most of 2017,
though Hurricane Harvey disrupted Gulf Coast oil supply

EIA: U.S. ethanol production at record levels in 2017



energy prices

EIA: 45% of total U.S. energy expenditures in 2015
were in the transportation sector — #1 in 47 states

Total U.S. end-use energy expenditures (1997-2013) -Ll:i:”
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Source: https://www.eia.gov/todayinenergy/detail.php?id=32432
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energy prices

EIA: U.S. household spending for gasoline is expected
to remain below $2,000 in 2017

Average household spending on gasoline {1980-2017)

real 2017 daollars percentage of mean hefore-tax household income
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Source: https://www.eia.gov/todayinenergy/detail.php?id=33232
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gasoline prices

EIA: Gasoline prices have been relatively low and stable
since 2015

Figure 1: Weekly U.S. average regular gasoline prices N
dollars per gallon cla’
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Source: https://www.eia.gov/petroleum/weekly/archive/2017/170830/includes/analysis print.php 6
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gasoline prices

FOTW: Gasoline prices are currently lower than during
1930s and 1980s after accounting for inflation

Average Annual Gasoline Pump Price
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Source: https://energy.gov/eere/vehicles/articles/fact-985-july-10-2017-average-historical-annual-gasoline-pump-price-1929-2016
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gasoline prices
Bloomberg: Premium gasoline sales have grown since
2008, while midgrade sales have declined

Topping Off
Premium gasoline sales recover while midgrade shrinks
Bl AllU.S. premium gasoline sales All U.S. midgrade gasoline sales
60M gallons a day
20M
I I | I I I I I
2002 2004 2006 2008 2010 2012 2014 2016
Source: U.S. Energy Information Administration Bloomberg

Source: https://www.bloomberg.com/news/articles/2017-10-03/avoiding-the-knock-drivers-push-premium-gasoline-prices-higher
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oil markets

FOTW: The price of a barrel of crude oil in 2016 was the
lowest since 2003

Price of a Barrel of Crude QOil
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oil markets

FOTW: Transportation is responsible for over 70% of
domestic petroleum consumption in the U.S.

Rail 1.9%
Water 3.1%
Air 7.1%

Off-Highway 7.8%

Medium/heavy trucks 21.2%

Cars & Light Trucks 58.8%

71.4% 22.8% 0.7%
Transportation Industrial Electric
ustria Utility
5.1%
Residential &
Commercial

Source: https://energy.gov/eere/vehicles/articles/fact-996-september-25-2017-transportation-accounts-nearly-three-quarters
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oil markets

EIA: Gasoline production from U.S. refineries has been
near record levels for most of 2017

Figure 3: U.S. weekly finished motor gasoline product supplied
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oil markets

EIA: Hurricane Harvey disrupted Gulf Coast refineries,
infrastructure, and supply chains

o

Figure 1. Gulf Coast (PADD 3) gross refinery inputs eia)
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biofuels
EIA: U.S. ethanol production at record levels in 2017

U.S. ethanol production {2010-2017)
thousand barrels per day
1,100

)

cia

1.050

1,000 ,_.-»-'"/'
950 __— —

500 / \ /
T— Weekly U.5. ethanol production (2016-2017)

850 thousand barrels per day
1,100

record: 1,061 thousand
barrels per day

a00 ‘

i

0 1,050
2010 2011 2012 2013 2014 1.000

950

500
850

500

i

[] L T T T T T
Jan-16 Apr-16 Jul-16 Oct-16 Jan-17 Apr-17

eia’

Source: https://www.eia.gov/todayinenergy/detail.php?id=32152 13



https://www.eia.gov/todayinenergy/detail.php?id=32152

topics

energy markets

automotive markets

technologies studies

environmental studies

behavior & opinion surveys

policy & business studies q al

outline




automotive markets
LDV market

> FOTW: The average price of a new light vehicle was nearly $32,000in 2016

> FOTW: The most common price point for light vehicles sold in 2016 was $27,000

> FOTW: The average age of cars and light trucks was almost twelve years old in
2016

PEV market

Morgan Stanley via Elektrek: PEV sales may pass ICE sales worldwide by 2040
Morgan Stanley: More BEVs will be on the roads than ICE by 2050

BNEF: 54% of new car sales and 33% of global car fleet will be electric by 2040
Bloomberg: OPEC quintupled its forecast for sales of PEVs over last year
Wood Mackenzie & GTM: Reduced battery prices can drive major growth in
worldwide EV sales

> ING: 100% of European LDV sales will be PEVs by 2035 after 3 product cycles

V V. V V V

15



LDV market

FOTW: The average price of a new light vehicle was
nearly $32,000 in 2016

Average Price of a New Light Vehicle, 1970-2016
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Source: https://energy.gov/eere/vehicles/articles/fact-988-july-31-2017-average-price-new-light-vehicle-was-nearly-32000-2016
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LDV market

FOTW: The most common price point for light vehicles
sold in 2016 was $27,000

U.S. Light Vehicle Sales by Vehicle Price, 2016
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LDV market

FOTW: The average age of cars and light trucks was
almost twelve years old in 2016

Average Age of Cars and Light Trucks, 2002 - 2016
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Source: https://energy.gov/eere/vehicles/articles/fact-997-october-2-2017-average-age-cars-and-light-trucks-was-almost-12-years
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PEV market

BNEF: 54% of new car sales and 33% of global car fleet
will be electric by 2040

Annual global light-duty vehicle sales Global light-duty vehicle fleet
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Source: https://about.bnef.com/blog/electric-vehicles-accelerate-54-new-car-sales-2040/
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PEV market

Bloomberg: OPEC quintupled its forecast for sales of
PEVs over last year

Growing Expectations
OPEC's electric vehicle forecast grew by almost 500% last year

B 2015 Forecast [ 2016 Forecast
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Source: https://www.bloomberg.com/news/articles/2017-07-14/big-oil-just-woke-up-to-the-threat-of-rising-electric-car-demand 20
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PEV market

Morgan Stanley via Elektrek: PEV sales may pass ICE
sales worldwide by 2040
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Source: Ward's, ACEA, CAAM, Morgan Stanley Research estimates (from 2017 onwards). Note: Chart
shows new battery EVs as a % of total new car sales.

Source: https://electrek.co/2017/05/05/electric-vehicle-sales-vs-gas-2040/



https://electrek.co/2017/05/05/electric-vehicle-sales-vs-gas-2040/

PEV market

Morgan Stanley: More BEVs will be on the roads than
ICE by 2050

We forecast a BEV fleet of one billion by 2050, while the ICE fleet grows

until 2030 and only starts to fall sharply after 2035
Global Passenger Car Fleet (million vehicles)
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Source: https://www.docdroid.net/ASuNOPX/on-the-charge.pdf
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PEV market

Wood Mackenzie & GTM: Reduced battery prices can
drive major growth in worldwide EV sales

EV share of vehicle fleet: 2015-2035
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PEV market

ING: 100% of European LDV sales will be PEVs by 2035
after 3 product cycles

Market share of BEVs in Europe rises to 100% in 2035

share of BEV in European new passenger car registrations
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Source: https://www.ing.com/Newsroom/All-news/Electric-cars-will-take-over-threatening-European-car-industry.htm
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technologies studies

Technology cost

> |CCT: Manufacturing cost to make diesel LDVs more efficient

> CMU/Berkeley/UM: Slower acceleration can reduce OEM costs
> Alix: Cost of EV motors could fall 20% by 2025

> Alix: Cost of AV systems should drop 78% by 2025

EV Charging

> NREL: 400 corridor DCFC stations can cover the continental US
> Navigant/Fuels Institute: Electricity consumption to grow 32-37% / year

HDV Energy Use

> |EA: Efficiency gains expected to fully counter increased demand for
HDV through 2050 in developed countries, but not developing countries

CAVs

> Axios: People at fault in majority of car accidents involving AVs
> UM: Sensors for CAVs can supplement and improve upon human vision



technology cost

ICCT: Manufacturing cost to make diesel LDVs more
efficient expected to be under $100 / % fuel reduction

$3,500
Rulemaking
P2 Hybrid
$3,000
Diesel +
$2,500 mild hybrid +
Rulemaking e-boost,
Advanced ICCT/supplier
Diesel
$2,000

Advanced Diesel,
ICCT/supplier

$1,500

Direct Manufacturing Cost

$1,000

$500

0% 10% 20% 30% 40% 50% 60%

Percent fuel consumption reduction

Figure 4: Comparison of rulemaking and ICCT/supplier estimates of direct manufacturing
cost per percent fuel consumption reduction in 2025.

Source: http://theicct.org/sites/default/files/publications/Diesel-Engines ICCT-Working-Paper 10072017 vF.pdf
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technology cost

CMU/Berkeley/UM: Producing vehicles with slower
acceleration can reduce OEM production costs

Figure S5: Relationship of ordered technology feature combinations to production cost conditional on 0-60 mph
acceleration time
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technology cost
Alix: Cost of EV motors could fall 20% by 2025

Projected Costs of a large BEV motor by Technology ($/kW)
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Source: http://www.dbusiness.com/daily-news/Annual-2017/Report-As-Ridesharing-Increases-Auto-Companies-Need-Strategic-
Partnerships/AlixPartners%20Automotive%200utlook%202017 EMBARGOED%20TILL%201201%20AM%20ET%20JULY%2012%2C%202017.pdf29
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technology cost
Alix: Cost of AV systems should drop 78% by 2025

Autonomous Vehicle System Cost Estimates (USD per U.S. spec vehicle)

/’-"__ T —
(-78% >

i15.000 B Radar
— Bl Sensors
Bl Cameras

Communications

B Grs
B INS

ECU
Software
: Bl LIDAR
$3,250
]
]
2017 2025

Source: http://www.dbusiness.com/daily-news/Annual-2017/Report-As-Ridesharing-Increases-Auto-Companies-Need-Strategic-
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EV charging

NREL: 400 corridor DCFC stations can cover the
continental United States

Corridor DCFC Stations Corridor DCFC Plugs
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EV charging
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Navigant/Fuels Institute: Electricity consumption is
projected to grow 32-37% per year through 2025
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HDV energy use

|EA: Efficiency gains expected to fully counter increased
demand for HDV through 2050 in developed countries,
but not in developing countries

Figure 30 « Decomposition of drivers of energy demand in the Reference Scenario
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Source: |IEA (2017a), Mobility Model, June 2017 version, database and simulation model, www.iea.org/etp/etpmodel/transport/.

Source: http://www.iea.org/publications/freepublications/publication/the-future-of-trucks---implications-for-energy-and-the-environment.htnd3
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CAVs

Axios: People have been at fault in majority of car
accidents involving AVs in California since 2014

Autonomous car traffic accidents in California by speed, 2014-2017
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capable vehicle
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Source: https://www.axios.com/autonomous-car-traffic-accidents-2466289474.html
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CAVs

UM: Sensors for automated and connected vehicles
can supplement and improve upon human vision

® Autonomous vehicle

Camera

AV direction of travel
Stereo camera
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Source: http://www.umich.edu/~umtriswt/PDF/SWT-2017-12 Abstract English.pdf
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environmental studies

emissions

> FOTW: Highway vehicles are responsible for a declining share of pollutants
> FOTW: Despite rise in VMT, highway pollutants down 50% in 2016 from 2002
> Emissions Analytics: Cold engines emit more NOx than warmer engines

37



emissions
FOTW: Highway vehicles are responsible for a declining
share of pollutants
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emissions

FOTW: Despite rise in VMT, highway pollutants down
50% in 2016 from 2002

Change in Total Highway Vehicle Emissions, Number of
Vehicles and Vehicle Miles of Travel from 2002 to 2016
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Source: https://energy.gov/eere/vehicles/articles/fact-999-october-16-2017-despite-rise-vehicle-miles-travel-highway-pollutants
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emissions

Emissions Analytics: NOx emissions are higher with
cold engines; diesel engines (on-road) do not meet

NOx emissions from cold starts
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warm-up warm-up standard warm-up warm-up standard
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Source: http://usa.equaindex.com/why-cold-starts-could-freeze-air-pollution-improvements/
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behavior & opinion surveys
CAVs

> CityLab/NBC4: “Self-driving” vehicle testing public acceptance of CAVs
> Pew: Americans expect driverless cars by 2060; majority still not ready

Commuting patterns

> ACS via Bloomberg: People in different income levels have different
commuting patterns
> Pew via Curbed: Number of “Super-commuters” grew by nearly 25%

Vehicle miles traveled

> AASHTO: Generational and economic factors are both responsible for
decrease in driving by Millennials

traffic

> Citylab: Path of solar eclipse visible by Google Maps traffic data
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CAVs

CityLab/NBC4: “Self-driving” vehicle testing public
acceptance of CAVs in Arlington

‘Mystery Van' Helping Self-Driving Cars Communicate with People | Autonomy. | Ford

MORE VIDEOS

> ) 019/107 [cc I O YouTubeiiti

enBn AND VIRGINIA TECH TRANSPOR INSTITUTE

MORE VIDEOS ARE USING THIS CAR-SEAT C

b ) 022/107 @ & Vouube it

Sources: https://www.citylab.com/transportation/2017/09/how-to-talk-robot-car/539814/ and
http://www.nbcwashington.com/news/local/Driver-Dressed-Like-a-Seat-Spotted-Inside-Driverless-Van-439041863.html and
https://www.citylab.com/transportation/2017/08/heres-the-real-science-behind-that-fake-driverless-car/536268/ 43
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CAVs

Roughly two-thirds of
Americans expect most
cars to be driverless in
next half century

% of U.S. adults who say it will take

___for most vehicles on the road to
be driverless

Less than 10
years

9

10 to less than
50 years

50 to less than

100 years
5 100+ years
8 Never happen

Pew: Americans expect driverless cars by 2060;
majority still not ready to ride in AVs

Slight majority of Americans would not want to ride in
a driverless vehicle if given the chance; safety
concerns, lack of trust lead their list of concerns

% of U.S. adults who
say they would/would
not want to ride in a

driverless vehicle i Among those who say yes, % who give

these as the main reasons

it would be cool
Would be safer

Can do other things while driving JE]

44% RCS N
would want — Less stressful than driving i
to ride in a Greater independence I 4
driverless
vehicle Convenience I 4

Good for long trips I 2

| Other . 9

Among those who say no, % who give
these as the main reasons

Don't trust it/worried about giving m
56% |\'['8 up control

would not —

want ride in a Safety concerns m
driverless Enjoy driving E
vehicle

Feel technology is not ready I 3

Potential for hacking | 2

L Other E

Source: http://www.pewinternet.org/2017/10/04/automation-in-everyday-life/ 44
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commuting patterns

ACS via Bloomberg: People in different income levels
have different commuting patterns

Driving to Work Who Drives to Work

Percentage of U.S. workers who commuted by car, truck or van

Percentage driving alone to work, by annual earnings
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Source: https://www.bloomberg.com/view/articles/2017-09-18/not-driving-to-work-is-the-hot-new-high-end-job-perk 45
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commuting patterns

Pew via Curbed: Number of “Super-commuters” grew
by nearly 25% between 2010 and 2015

Spike in Supercommuters v £ 9

Between 2010 and 2015, the number of American supercommuters—those with commutes of 90 minutes or more—has

skyrocketed. The numbers in parenthesis are the total number of supercommuters in each state.

45% -
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3096
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209 —
15%

109 —

Percent growth in supercommuters

5%

0% -

Source: https://www.curbed.com/2017/6/20/15834514/rent-transportation-commute-affordable-housing
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vehicle miles traveled

AASHTO: Generational and economic factors are both
responsible for decrease in driving by Millennials

Hardest to live without:
Cell Phone or Car?
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traffic

Citylab: Path of solar eclipse visible by Google Maps
traffic data
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t
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Source: https://www.citylab.com/environment/2017/08/google-maps-traffic-data-mirrors-the-path-of-the-eclipse/537534/
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policy & business studies
HOV policy

> Harvard/MIT: End of HOV policies in Jakarta increased delays on both
formerly restricted and unrestricted roads

freight
> FOTW: Trucks and air larger fraction of freight rail and pipeline move

goods
> FOTW: Motor vehicles second most valuable commodity shipped in US

EV supply chain

> Lux, Cairns, Economist, Quartz, Reuters, VisualCapitalist: Rapid growth
expected in PEVs, could lead to massive increases in commodity usage

employment

> Pew: Most American adults are worried about future due to automation
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HOV policy
Harvard/MIT: End of HOV policies in Jakarta increased
delays on formerly restricted and unrestricted roads
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7
-~ gL = == Before policy lifting
é After policy lifting
€ 5L ! 95%cCl
E ‘----
> 4
c
S 3fF
S
g 2 /
g -
< 1
0 1 ] ] 1 ]
7
€ 6
=
£ 5
E
> 4
Q
3 3
Q
g 2
g
< 1F
0 1 ] ] 1 ]

1 4 7 10 13 16 19 22
Time of day (hour)

Source: http://science.sciencemag.org/content/357/6346/89



http://science.sciencemag.org/content/357/6346/89

freight

20

18

16

14

12

10

Freight Tonnage and Value by Mode, 2015

$19.18 Trillion
18.1 Billion Tons

No domestic mode
m Other & unknown
Pipeline
= Multiple modes & mail
= Air, air & truck
mWater
= Rail

m Truck

Billion Tons of Freight Trillion Dollars of Freight

Source: https://energy.gov/eere/vehicles/articles/fact-991-august-21-2017-mode-transportation-freight-tonnage-and-freight-value

FOTW: Trucks and air take up a larger fraction of freight
by value; rail and pipeline move heavier goods
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freight
FOTW: Motor vehicles are the second most valuable
commodity shipped in the United States

Value (Trillion Dollars)

Freight Weight (Billions of Tons)
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Source: https://energy.gov/eere/vehicles/articles/fact-992-august-28-2017-motor-vehicles-are-one-most-valuable-commodities
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EV supply chain

Lux: Transportation will overtake consumer electronics
as the largest market for energy storage by 2018
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Source: http://blog.luxresearchinc.com/blog/2017/07/transportation-and-stationary-energy-storage-will-overtake-consumer-electronics-as-the-
largest-markets-for-energy-storage-by-2018/ 54
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EV supply chain

Cairns via Economist: Battery production expected to
grow rapidly for major producers by 2020

I Electric dreams

Manufacturing capacity Battery cost Battery energy density
Gigawatt-hours per year I 2017 ] 2020 Worldwide, $/kWh Watt-hours per litre
1,000
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target

Sources: Cairn ERA; US Department of Energy *Includes Tesla gigafactory

Economist.com

Source: https://www.economist.com/blogs/graphicdetail/2017/08/daily-chart-8
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EV supply chain
Quartz: Over 250,000 tons of batteries (mostly LFP)
due to be scrapped by 2020

Unusable electric vehicle batteries in China
300,000 tons

250,000
200,000
150,000
100,000
50,000

0

2013 2014 2015 2016 2020*

Source: https://gz.com/1088195/chinas-booming-electric-vehicle-market-is-about-to-run-into-a-mountain-of-battery-waste/
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EV supply chain

LITHIUM AND BATTERY TECHNOLOGY FUND
Global X exchange-traded fund*

$35

30

25

20

15

2016 April July October 2017 April

*Invests in the full lithium cycle, from mining and refining the metal, through battery production.

Reuters: Lithium prices driven higher by use in
batteries; 75% of production comes from 5 companies

Air treatment Other
Primary battery 2% 8%
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Metallurgical
powders

Glass-ceramics
11%

Ceramics
12%

Demand by industry, Source Roskill
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Source: https://www.reuters.com/article/us-lithium-processing-evs/lithium-processors-prepare-to-meet-demand-in-era-of-electric-car-

idUSKBN1AN1DX
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EV supply chain

VisualCapitalist: 100% EVs (Chevy Bolt NCA design)
would lead to 30x increase in lithium demand, 20x

increase in cobalt demand
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Source: http://www.visualcapitalist.com/massive-impact-evs-commodities/
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employment

Pew: Most American adults are worried about future
with automated labor and about AVs

More worry than optimism about potential
developments in automation

% of U.S. adults who say they are enthusiastic or worried about ...

Future where i Developmentof : Development : Development
robots and . algorithms that :  of driverless of robot
computers cando : can evaluate | vehicles | caregivers for
many human jobs : and hire job older adults
¢ candidates :
Worried
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67
54
: : 47
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33% : :
P22 i :
SOMEWHAT g : 5
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Source: http://www.pewinternet.org/2017/10/04/automation-in-everyday-life/
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future of mobility

ICCT: Taxonomy for new mobility landscape spans
technologies and new business models/social trends

New business

Two categories models and

social trends

New
technologies

Vehicle-to-
Zero emission | Vehicle-to-vehicle e Semi-

vehicles communication autonomous
communication

Shared-use Ridesourcing /
mobility e-hailing

Fully

autonomous

< Key terms / concepts } | Jesssoreansn >

Shared
ridesourcing /
e-hailing

Ridesharing Carsharing

<o Environmental

Improves fuel
economy,
lowers VMT,
reduces
congestion

Improves fuel
economy, lowers
VMT, reduces
congestion

Improves fuel Improves fuel Improves fuel
economy, economy, Reduces economy,
zero tail reduces congestion reduces

pipe emissions congestion congestion

Key examples

Y

European 15+
Connected truck Connected manufacturers;
Ann Arbor platooning Ann Arbor years of

challenge investments

Not Zipcar,

Zimride,
Rdvous

UberPOOL,

Lyft Line Uber, Lyft

commercially
availabile

car2go,
DriveNow

Source: http://www.theicct.org/new-mobility-tech-and-policy-landscape-2017
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tools
ANL: Updates of GREET, AFLEET, and VISION

AFLEET — short for Alternative Fuel Life-Cycle Environmental and Economic
Transportation Tool — is a free publicly available tool that calculates and
compares the costs and environmental benefits of a broad range of
alternative fuel technologies.

GREET (Greenhouse gases, Regulated Emissions, and Energy use in
Transportation) allows researchers and analysts to evaluate various vehicle
and fuel combinations on a full fuel-cycle/vehicle-cycle basis.

The VISION model has been developed to provide estimates of the potential
energy use, oil use and carbon emission impacts of advanced light- and heavy-
duty vehicle technologies and alternative fuels through the year 2100.

Sources: http://greet.es.anl.gov/ and https://greet.es.anl.gov/afleet and http://www.anl.gov/energy-systems/project/vision-model
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summary observations

ener Transportation responsible for 70% of petroleum usage in
gy U.S.; gasoline prices stable since 2015

LDV sales prices in U.S. at record high; PEV market projected

a UtomOtive to grow rapidly in U.S. and worldwide

400 DCFC stations can cover the U.S.; costs of advanced

tECh/e nvi ro vehicle technologies expected to decrease; highway

vehicles responsible for a declining share of pollutants
HOV policies can reduce congestion and delays; trucks and

[ ] [ ] [ ]
OplﬂlOn/pallcy planes used to ship valuable goods; rapid growth in PEVs

could lead to massive increases in commodity usage
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